Analysis of mass death events, often involving partial or skeletal human remains, requires investigators to condense information on a large number of victims into a single report. Prosecution of war crimes typically requires that victims be categorized according to the injuries sustained. Reports recognizing only the presence or absence of trauma are misleading or misrepresentative. This study introduces a 4 class system for skeletal remains based on morphologic autopsy findings. Each class corresponds to the lethal potential of the trauma or pathologic conditions evident at autopsy, and the certainty with which cause of death can be determined. Data were extracted from 766 autopsy cases involving decomposed or skeletal remains from the New Mexico Office of the Medical Investigator in which cause and manner of death were ruled. Statistically significant associations between morphology class and the cause and manner of death, positive identification, and natural and non-natural deaths were evident in this study. Intraobserver and interobserver tests revealed excellent replicability and reliability in the assignment of morphology classes to individual cases. In addition to its mass death applications, this classification system offers potential research contributions to physical anthropologists and bioarchaeologists studying human populations in antiquity.
T he past decade has seen a dramatic increase in the number of forensic anthropologists participating in genocide and war crime investigations in areas such as Argentina, Rwanda, and the Former Yugoslavia. [1] [2] [3] The role of the anthropologist in addressing mass and natural disasters has also been expanded, 4 as it is now recognized that the majority of victims in such cases are recovered as decomposed or skeletal re-mains. Inherent in such large scale investigations is the need to summarize information on a variety of factors, including the scene and victims. Condensing autopsy information from a large number of individuals involves summarizing the demographic information of the victims (sex, age cohorts, and population affinity). However, no standards currently exist that categorize victims by evidence of trauma when the remains are skeletal, partial, or decomposed. The need for such a classification system is great, as the successful prosecution of those charged with genocide and war crimes involves simplifying and presenting enormous amounts of data in a manner that is both comprehensive and comprehendible. Reports recognizing only the presence or absence of trauma are misleading or misrepresentative. As criminal charges at the level of the international court are laid based on events and specific deaths, investigators often need to present large spans of time and large numbers of victims in a single report. Further, forensic investigators are often tasked with categorizing the types of trauma and causes of death encountered in cases of mass or natural disaster for the purposes of media releases or insurance investigations, as well as communicating on-going needs for resources and support to governmental agencies. Finally, the ability to categorize skeletal remains would enhance current research methods, introducing a new means of evaluating and comparing skeletal populations, both in forensic contexts (such as regions lacking a formal medicolegal system) and in archaeological studies for which causes of death are not available.
A classification system has been developed for autopsies conducted on fresh, fully fleshed remains. 5 The Goldman criteria, as the system is known, identify 4 classes of morphologic findings at autopsy, with special emphasis on the possible effects of misdiagnosis on survivorship and mortality. This system has been employed by pathologists as a means of classifying autopsy findings for research purposes and identifying medical malpractice, as well as allowing medicolegal offices to correlate autopsy findings to cause of death determinations. These criteria, however, have never been applied to decomposed or skeletal remains.
This study introduces a modified version of the Goldman criteria specifically adapted to accommodate the restrictions inherent in working with decomposed and skeletal remains. The current Goldman criteria consist of 4 mutually exclusive classes that categorize morphologic autopsy findings based on the degree of lethality the evidence represents.
Class I, in which evidence of trauma or pathology that is incompatible with life is noted at autopsy, allows for unequivocal cause of death determination. Cases are categorized as class II when there is evidence of a potentially lethal condition but no unequivocal cause of death. Class III findings indicate that trauma or evidence of a preexisting condition may be present but such evidence alone does not necessarily represent the cause of death. Class IV findings indicate nonlethal pathologic changes or no evidence of trauma or pathology. In such cases, the cause of death is typically ruled as "undetermined," absent additional information from the scene, medical history of the victim, or witness statements. Personal observations by the first author of mass graves and mass death scenarios indicate that it is common for a single event to produce victims representing each category.
The concept of lethality can be difficult to quantify or define. It is understood that lethality is variable depending on circumstance. For example, a gunshot wound to the arm may not prove fatal, provided the victim receives adequate and rapid medical care. However, if a similar wound occurred while the victim was in a remote location or did not receive medical treatment, such a wound could prove fatal. Although some injuries, such as decapitation, prove fatal regardless of circumstance, other trauma or disease (such as a rapidly progressing cancer) represents varying degrees of lethal potential. The categorical system proposed in this study seeks to classify the levels of lethal potential represented by the evidence of trauma and injury recognizable in skeletal and decomposed remains. This system and the Goldman standard upon which it is based, recognizes that the final determination of the cause of death is at the discretion of the forensic pathologist ruling on the case, who must rely not only on autopsy results, but also evidence from the scene and any known medical history. The classification system does not seek to replace the ruling of the pathologist but to provide a means of grouping individuals based on the morphologic evidence associated with cause of death and evaluating individuals in cases where no cause of death has been ruled (ie, archaeological remains).
A summary of the Goldman criteria and the proposed modifications for skeletal remains, is given in Table 1 . The proposed changes to the Goldman criteria take into account differences inherent in examining skeletal as opposed to fleshed remains. In addition to the loss of information available only through soft tissue analysis, postmortem examinations of skeletal remains cases are also constrained by lower positive identification rates (thereby restricting investigator access to medical histories) and an increase in the loss of body parts/skeletal elements or commingling. 6, 7 Although the list of examples of specific morphologic findings associated with each class is not exhaustive, it provides ample guidance for investigators to evaluate and assign individuals to each class.
MATERIALS AND METHODS
The sample consists of 766 autopsy case files involving skeletal or decomposed remains from the Office of the Med-ical Investigator in Albuquerque, New Mexico. The cases date from 1984 to 2006 and all received a separate anthropological consult in addition to an examination by a forensic pathologist. Each autopsy file contains demographic information, the autopsy and anthropology reports, police reports and death certificate, which provided the final ruling as to the cause and manner of death. Data collected included the case identification number, the percentage of the body recovered, evidence of trauma and pathology noted at autopsy/examination, whether the individual was positively identified, the cause and manner of death, and what information sources other than autopsy led to determining cause (such as scene or witness information, toxicology results, or medical history). The data were entered into an Excel spreadsheet and analyzed using SAS 8.02.
Based on the morphologic findings at autopsy, each individual was assigned a morphology class between 1 and 4 using the diagnostic criteria outlined in Table 1 . 2 tests were used to analyze potential associations between autopsy morphology class and categorical variables, including manner of death, identification, and type of trauma. Associations with a P value of 0.05 or less were considered to be statistically significant. statistics were calculated to determine the reliability and reproducibility of the morphologic class scoring system between and among observers (W.P. and D.K.). statistics were interpreted using the classification proposed by Landis and Koch. 8 
RESULTS
Descriptive statistics are provided in Table 2 . The distribution of causes and manners of death are given in Figures 1, 2 , respectively. Figure 3 illustrates the classes of morphologic findings at autopsy. Types of trauma or pathology evident at autopsy are detailed in Figure 4 . Information sources other than autopsy that contributed to final cause or manner determination are outlined in Table 3 .
There is a statistically significant association between morphology class and the type of trauma or pathology evident at autopsy (P Ͻ 0.0001). Cases (n ϭ 534) with trauma types 1 through 7 (described in Fig. 4 ) were significantly more likely to have been classified as morphology classes 1 or 2, whereas trauma or pathology types 0, 8, or 9 (n ϭ 66) were associated with morphology classes 3 and 4 (P Ͻ 0.0001, with an odds ratio of 3.33 and a 95% confidence interval of 1.73-6.38).
A significant association (P Ͻ 0.0001) was also evident between morphology class and manner of death (Table 4 ). As a further test, the "undetermined" deaths were deleted and the remaining cases were grouped into natural (n ϭ 26) and non-natural (n ϭ 458). Comparisons of the proportion of morphologic classes 1 and 2 with the proportion of morphologic classes 3 and 4 in both natural and non-natural death revealed a significant association (P ϭ 0.0118), with nonnatural deaths 3.13 times more likely to be assigned to morphology classes 1 or 2 than natural deaths (95% confidence interval 1.22-7.69).
There is a statistically significant association between morphology class and whether or not a decedent was positively identified (P Ͻ 0.0001). Identified individuals were significantly more likely to have been classified as morphology classes 2 or 3 than unidentified individuals (odds ratio 3.34, 95% confidence interval ϭ 1.68 -6.74). Inter-and intraobserver error tests both produced values of 1.00.
DISCUSSION
Categorical variables presented in the figures and tables are mutually exclusive unless otherwise identified by footnote. For cases involving thermal trauma, individuals whose deaths were attributed to fire (n ϭ 44) are reported in Figure  1 . All individuals (n ϭ 125) with any peri-and postmortem thermal damage evident at autopsy are reported in Figure 4 . values of 1.00 indicate excellent replicability and reliability. 8 The results of this study reveal that both experienced, faculty-level observers (D.K.) and junior, graduate student practitioners (W.P.) can consistently assign individuals to the appropriate skeletal morphologic classes based on autopsy findings. This suggests that the morphology classes are well-defined, mutually exclusive, and easily interpreted.
The association between morphology class and type of trauma or pathology observed at autopsy indicates that lethal potential can be evaluated in skeletal and decomposed remains, provided evidence of the morphologic injury or change is registered on the recovered remains. A previous study 9 found that bone lesions were seen in 90% of cases involving gunshot wounds. Injury patterns and high skeletal lesion incidence have also been reported for blunt force trauma stemming from motor vehicle accidents 10, 11 and falls from height, [12] [13] [14] [15] as well as sharp and blunt force injuries resulting from interpersonal violence. 16, 17 Banasr et al 18 found that bone or cartilage defects were seen in only 53% of the sharp force trauma fatalities included in their study. Grisbaum and Ubelaker 19 report only 40.7% of their sample of skeletal cases analyzed for the FBI over 32 years showed no indications of trauma. This is consistent with another multidecade review of anthropological cases, in which trauma was seen in 58% of cases. 6 Similar rates (42%-43%) of skeletons lacking traumatic or pathologic lesions are reported in the archaeological literature. 20, 21 In this study, 69% of cases had some form of trauma or pathology evident at autopsy and the cause of death could be determined in 63% of the total cases. In 225 cases (29% of the sample), the morphologic findings at autopsy alone were sufficient to establish the cause of death, while another 298 cases (39%) were resolved with the addition of information derived from scene, witnesses, medical history, or toxicology testing (Table 3) .
Of equal importance in medicolegal contexts is the association between morphology class and natural/non-natural causes of death. The tendency for forensic anthropology consult cases to overrepresent individuals who die violently has been reported previously. 6 Although it is likely that nontraumatic forms of non-natural deaths (ie, drug or toxin overdose or exposure) may be under-recognized in skeletal remains because of a lack of skeletal manifestations, the identification of such causes have been reported in cases involving skeletal and decomposed remains. [22] [23] [24] [25] Deaths resulting from natural causes are also less likely to be placed in morphology classes 1 or 2 because of the absence or delayed formation of skeletal manifestations. Unlike traumatic forms of death (that have a high incidence of associated and immediate skeletal lesions), osteological manifestations of natural diseases capable of producing lesions result from the body's response to the condition over time, with prolonged survivorship resulting in an increased probability of skeletal response. For example, 47% to 85% of women diagnosed with breast cancer have skeletal manifestations observed at autopsy, 26 with the time from diagnosis to the development of skeletal metastases reported as approximately 2 to 3 years. 27 The identification of natural deaths in skeletal remains lacking lesions relies on contextual information from the death scene, medical records, and limited toxicological, serological, or histologic results.
Access to medical records requires the decedent to be positively identified. The identification rate in this study was 77%, considerably higher than identification rates (25%-50%) reported previously for skeletal remains. 7, 28, 29 The increased likelihood of identified individuals being classified as morphology classes 2 or 3 reported here reflects the In legal proceedings where a large number of victims are presented in a single trial, it is imperative that the court be able to quickly identify victims who show unequivocal evidence of violence and trauma from those whose cause of death may be less certain. Although identifying lethality in decomposed and skeletal remains may seem less precise than cases involving fleshed individuals, the frequency with which such remains are found in mass death events demand that some criteria be established. This study presented modifications to existing criteria that allow all autopsies conducted in mass death environments to be categorized and analyzed, regardless of the state of preservation of the remains.
